Medusahead
(Taeniatherum asperum (Sim.) Nevski) poses a difficult problem for ranchers and resource managers in California, Idaho, Nevada, Oregon and Washington.
When this winter annual grass becomes established on depleted ranges, forage productivity is drastically reduced (Tore11 et al., 1961; Turner et al., 1963) . Grazing capacity on some ranches has been decreased as much as 757, (Major et al., 1960) .
The ultimate control of medusahead over the millions of acres of rangeland that it now occupies is basically a matter of suppression by well-managed perennial grasses (Torell, 1967) . By the time medusahead becomes established and occupies extensive areas in a rangeland community, the perennial grass component of the community is too depleted to respond to management.
In these situations the need for range seeding is imperative.
The extreme competition offered by dense medusahead stands makes weed control essential for establishment of perennial grass seedlings. Kay and McKell (1963) used several preemergence herbicides to aid in establishment of rose clover (Trifolium hirtum All.) and hardinggrass (Phalaris tuberosa L. var. stenoptera (Hack.) in medusahead stands. The most widely tested herbicide for medusahead control is 2,4-dichloropropionic acid (dalapon).
This herbicide has successfully controlled medusahead in California, Idaho, and
Oregon (Kay, 1963; Turner et al., 1963; Torell, 1967) . On the California annual range, control of medusahead with low rates of l, l'-dimethyl-4,4'-bipyridinium salts (paraquat) has been extremely effective in the establishment of hardinggrass and annual clovers (Kay, 1966) .
Our objectives in this study were: (1) to evaluate tillage and herbicide treatments for control of medusahead;
(2) to determine the most effective method for establishment of perennial grasses in conjunction with medusahead control; and (3) to ascertain the best adapted perennial grass species for seeding on the medusahead site being investigated.
Methods
We conducted this investigation at Verdi, Nevada (11 miles west of Reno at the base of the Sierra Nevada Mountains).
The medusahead infestation is found on a formerly cultivated, unimproved pasture.
The experimental plots were established on a long 5% slope facing east-to-southeast. Soil moisture increases along a gradient beginning with dry rangeland at the upper end and ending in a wet meadow at the lower. (Cochran & Cox, 1950) .
We visually evaluated weed control through the growing season on all plots. Oven-dry yields of the mature weeds were used to evaluate season-long control.
We evaluated stand establishment of perennial grasses by lst-year seedling counts and height measurements made in late July after annual plants had died. In 1964, perennial grass seedlings were counted several times during the growing season, to study time of stress and mortality of seedlings.
To further evaluate stand establishment, vigor, and productivity, we clipped perennial grasses for yield in successive years after establishment.
1964 Experiments.-We applied paraquat and 2-chloro-4-ethylamino-6-isopropylamino-s-triazine (atrazine) logarithmically at rates ranging from 2.0 to 0.25 lb/acre and dalapon ranging from 6.0 to 0.75 lb/acre on plots 8 x 100 ft on April 24, 1964. Herbicides were applied in water at 58 gpa and 30 psi. The surfactant X-772 at 0.1% v/v was used with all spray solutions.
Other treatments were disk-harrowing, furrowing, and control.
The disk-harrowing was done with an offset-disk harrow. Furrows, 4 to 6 inches deep and 4 inches across at the bottom and 10 to 12 inches at the top, were made with shovels attached to a toolbar.
We After a few weeks the medusahead plants completely recovered and no weed control was obtained.
Atrazine at rates ranging from 1 to 2 lb/acre controlled medusahead on the drier, upper slope portion of the plots. The treatments located on the moist lower slope required 2 lb, acre of atrazine to control medusahead. Dalapon at rates ranging from 2 to 6 lb/acre resulted in excellent control. The disk-harrowed and furrowed plots were essentially free of medusahead. All treatments that reduced medusahead were followed by a heavy infestation of field bindweed. No seedlings of any perennial grass species survived after August 1. More seedlings of intermediate wheatgrass emerged and lived longer than the other three grass species tested. Also, more seedlings emerged and lived longer in the disked and furrowed treatments than m the dalapon-treated areas (Fig. 1) . The dalapon treatment had the disadvantage of a 2-week delay of seeding. Residual herbicidal activity of dalapon in the soil made this delay necessary (Holstun and Loomis, 1956 with atrazine had unsatisfactory wheatgrass stands, except at the 2 lb/acre rate which had a fair stand. Two lb/acre of atrazine and disk-harrowing markedly reduced medusahead yield below the control population.
The 0.5 lb/acre atrazine treatment increased medusahead production.
An important factor in the successful establishment of the wheatgrass seedlings was the suppression of field bindweed with application of 2,4-D.
Plots that were disk-harrowed or which had been sprayed with higher rates of dalapon in 1964 produced more intermediate wheatgrass and less medusahead in 1966 than the other 1964 treatments (Table 2 ). In 1967, the plots sprayed with 6 lb/ acre of dalapon or disk-harrowed in 1964 produced significantly more intermediate wheatgrass than the other treatments.
The plots treated with atrazine in 1964 supported vigorous wheatgrass plants, but stands were too sparse for satisfactory yields. In the very wet season of 1967, medusahead growth ESTABLISHMENT 153 was significantly suppressed by all treatments; but yield of medusahead in successful wheatgrass stands exceeded that of control plots in 1966. The most productive wheatgrass stands suppressed, but did not eliminate medusahead.
A few scattered plants of standard and fairway crested wheatgrass were established in the dalapon, disk-harrowed and furrowed treatments, but stands were too sparse for yield measurements.
The control plots were devoid of all wheatgrass plants by the 1966 sampling.
1965 Experiments.-The 50 x 100 ft block that was summer fallowed by disk-harrowing in 1965, and seeded in October, 1965, produced With the exception of the 1965 summer fallow by disk-harrowing, treatments were not exclusively designed to create a fallow. However, the summer fallow option was always much more successful than spring seeding and summer fallowing by disk-harrowing was the most successful treatment.
The advantages of summer fallowing for seeding perennial wheatgrass on downy bromeinfested rangelands have been demonstrated by Eckert and Evans (1967) .
During years of average or above average precipitation, the Verdi site is too wet and muddy to permit weed control and seeding treatments until late in the spring. This severely limits the chances of success with spring seeding. During the very dry spring of 1966, it was possible to apply treatments and seed in March, but resulting wheatgrass stands were marginal.
Using similar weed control techniques on sites in Nevada where early spring treatment is possible, Evans et al. (1967) have been successful in establishing wheatgrass in downy brome communities with spring seedings.
Any reduction in medusahead density at Verdi resulted in an increase in field bindweed.
The suppression of the field bindweed by spraying 2,4-D during the summer fallow and the seedling years aided establishment of wheatgrass seedlings. Tore11 (1967) reported similar problems with other broadleaf species in Idaho. Downy brome did not significantly increase on plots treated with dalapon at Verdi.
This species has significantly increased on other medusahead sites and caused severe competition to wheatgrass seedlings following dalapon fallow treatments (Torell, 1967) .
The disk-harrowing, furrowing, and higher rates of dalapon treatments virtually eliminated the medusahead population for one year. Even though wheatgrass seedlings completely stocked plots so treated, medusahead reinvaded the plots during the seedling year. Wheatgrass stands, after the seedling year, suppressed growth of medusahead, but certainly did not eliminate it. Turner, et al. (1963) advocated weed control treatments to remove medusahead from established stands of wheatgrass. On the Verdi medusahead site, Amur intermediate wheatgrass was superior to standard or fairway crested wheatgrass in seedling stand establishment.
The site at Verdi is representative of the margins of wet meadows in degraded condition found in the Great Basin. Medusahead is evidently welladapted to these environmental conditions. The discontinuous distribution of meadows in the Great Basin should hinder the spread of medusahead. However, no matter how remote and disjunct these meadow sites may be, competitive species such as baltic rush are omnipresent.
Given time, medusahead may become widely distributed on these restricted sites.
The generally steep and rocky terrain of much medusahead-infested rangeland imposes limitations on the feasibility of applying the tillage methods developed at Verdi to all medusahead infestations. The acreage of rangelands infested with medusahead where these tillage methods may be applied is small in comparison to the total acreage infested by the species, but the tillable sites are usually the most productive and offer the greatest return of investment.
If weed control necessary to establish wheatgrass seedlings could be accomplished by a chemical fallow, thousands of acres ordinarily tilled only with difficulty, could be seeded with a heavy rangeland drill.
Conclusions
Intermediate wheatgrass seedlings were successfully established in a medusahead community in 1965, 1966, and 1967 with mechanical or chemicalfallow treatments.
Summer fallowing with a disk harrow was the most successful treatment.
However, chemical-fallowing with dalapon offers the possibility of extending the technique to areas not suitable for tillage.
The fallow treatments were much more successful for wheatgrass establishment than spring seeding following tillage or herbicide treatments. Any reduction in medusahead density resulted in an increase in field bindweed.
The suppression of field bindweed by spraying 2,4-D during the summer fallow and seedling years aided establishment of wheatgrass seedlings.
Intermediate wheatgrass produced the best stands among all grasses seeded regardless of weed control method. 
